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e to construct a neubral bezm Vo spectrometer. This would

o)
&
42}

We prop

contain a large aperture magnet and assoclated counters, spark chambers,

The sensral class of event that will

4

computer and ancill ary equipment.

be studied is

The known physical processes which provide reactions o
a neutral beam devoid of short lived psriicles ars classified below,

1. 3., X, decavs
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snaller than the Coulomb reactions (1) and (ii), at least for heavy nuclei

such as Pb. Tho differences in mass, decay and produclion angle distributions

permit relatively easy sep

R

rabion. The principal reason for the dominance

of the Couloumb reaction can be traced to the fact thalt ccherent nuclear

reactions are strongly damped by nuclear attenuation. The effective
nuclear number for Pb, A off is = 20 (rather than 206). These processes

and there is
very little demping because only a small porbtion of the Coulomb interaction

31 radius,
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These remarks are not casual speculations, We have carefully surveyed
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or analysis, should be smaliler,

c. Incoherent nuclear reactions. The bulk of hadron reaclions

3 )

in complex miclei are incoherent, i.e. the nucleus is highly excited with

appreciable nucleon and y ray emlssion. Most of these reactions produce
large high energy particle multiplicity as well. Since we intend to

>y

emphasize. heavy targsts such as Pb

4y

‘or the main experimentation, this
particle multiplicity will be exacerbated by secondary reactions initiated

in the large mucleus, Thus, most incoherent rezcticns result in an explosive

. :

fragmentation which can be rejected in triggering.

The Coulomb

process 2a - (i) is calculated to be ~ 15 mb,/(Pb nucleus).
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multiple use of the beam. Exclusive of thick transmission targets and

regenerators, only a few grams of interaction material will be placed in

the beam. Space, rigging and other resources permititing, other experimenta-

tion could take place downstream with 1ittle or no discomfort,

IT. Experimental Equipmont

The principal elements are schematically indicated in Figure 1. These are
1. Neutral Beanm
2. Target, Target counter sysbtem

. Vertex Hodoscooe

3
L, Gas Cerenkov Counter (H

A well collimated. small

= - . Sy ~1 LT e
18 regquired, A flux

. S e R
CraNSMISSLoNn samples Or ILiuers,
Ty o~ m A { ae
2. Targetn, Target Courtie
57 R A N -
We will not discuss ihe sat B LG Deriorm

decay in fligh®t or
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extensions of procedures already used at exisbing machines. Instead we
will concentrate on the procedures for studying coherent nuclear or Coulomb
reactions,

We propose to use 1/l radiation leng Lh targets - mostly Pb, occasionally
Cu, AZ or C. These will be sandwiched between a 1/16" thick veto and a 1/32¢
thick trigger counter. Since the Kg mean free path is 2m a2t L0 BeV/c, we
will not confuse target produced Vie with kaon decays.

The target will be surrounded on all sides, except for entrance and
exit holes on the bean axis, with a veto complex which will serve to sup-

press uninbteresting nuclear reactions either on the basis of large particle

mulbiplicity
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i, Gas Cerenkov Counter
The bulk of the upstresm region will be filled with a 15 mn.
1 atmosphere threshold Cerenkov counter, The basic gas fill will be
hydrogen. A § = 1 parlicle will provide 200 photons under these condi-
tions. The Cerenkov angle will be 1°. The threshold energies will be
57, 30, 8.4 BeV for protons, kaons, and pions respectively.

The counter will have thin windows and aluminized mylar reflectors
for 1light collectiong The counter walls will be strong enough so that
with the installation of temporary end windows, the counter can be rough
pumped for filling purposes. A Fabry=Perot interferometer device will be

Fal £

attached to monitor the index of refraction. A slight overoressure will

be waintained in the nenner employed with spark chambers, The counter
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shown that this pattern recogunition problem is one of the more tedious
aspects of wire chambsr operation.

7. TWire Spark Chambers

We will not present the details of their construction or operation
at this time,

We would like to point out that we have extensive experience with this
technique. We have just completed an experiment which recorded 6 million
triggers and employed 12 wire planes. The chambers were completely fabricated
in Rochester. We are equipped to wind chambers of arbitrary size. Data wﬁs
recorded with the aid of the Rochester owned Honeywell DDP-516 computer

and ancillary magnetostrictive equipment,

It is conceivable that the experiment could te improved from the
N . 4 P . Az o - ) ER R s PN
point of wview of speed of data rscording by a medificabion of item {7)s

e would

3 Falal By o
turn-around off line compt




27-7
- 9 -
Tivision of Responsibilities
We would expect N.A.L. to provide:
Neutral Beam
Magnet
Venting and safely equipment for Cerenkov counter
Power, rigging and other "itraditional! services.

We would be delighted to secure some in-hpuse collaboration., If

[

this experiment were to achieve the stabus of facility it would be highly

N

B

desirable to have local staff who would be feamiliar with its components

and who could aid obther potential ussrs,

P}

& to collaborating with other users, Another

. - e, . ~ - ) - - .
roughly 5 mh/Fb nucleus. 3See zopended Tablse I. an
vant wate
event rate
7 £1.58 e L2l
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(10" neut pul i ’ =27 2
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should give 17 cross sections over, say 5 BeV/c intervals.

Our spark chambers will have a recovery time of a few m sec.

Although the useful yield of high energy w + p pairs from the
Coulomb process is ~ 5 mb, it must be noted that the Po interaction cross
section is approximately gecmetric i.e. = 1500 mb. Now the great bulk of
this results in very large multiplicity and nuclear fragnentation., In
our background estimates we conservatively estimate that only the outer
rim of ~ 500 mb projected area can be ragarded as hydrogen-like i.e. free

7

of secondary interactions, resbsorption and remultiplication. At A.G.S.

energies it is observed that pp collisions result in s’ngle energetic pw

- o 2 N T ey o T PR EX .oy
DaiTs for less than 1% of the interactions., Thus we expect triggsr
iy
I B - T BRI welear Tim ALPa md 2oy e @ m mm e ~ P
backgrovnd Trom the nuclear rim with an effsctive cross s=zcbion of a few

n 17 R RPN ~ N ~ 17 o~ =7
Momenoum ~ 1%, For exampls, a 100 ReV,/c proton will

7 POt
oSy OY
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The actuzl 1imit on transverse momentum resolution comes from mulbtiple
Coulomb scabtering, principally in the 1/ radiation lenghh target. There

are 2 particles produced on the average 1/2 way into the target. There-

fore the uncertainty produced by the target on p, is ~ 10 MeV/c. Thus
kY
we see that the transverse resolution is adsquate for resolving the sharp

coherent spike.

3.  Further Com

3x the momsntum of the pion,

@

On the average the proton will hav

o . ; . . .
The A" is produced with a degree of aligmment which results ina 1 + 3 sin &
decay distribution where € 1s the proton direction in the & C.M. This

1 Vvar ] v P E I S 2o gl - : o mm AL 2 T e
Tha Coulomb A execita LLON DITCCess L3 cuite Jargs ana it will ke un=
kS S
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B. Decay in Flight Studies

With some relatively obvious modifications the system can be

o . - . O x F ;
used to study decays in flight. The copious decays KI w4 v and the
-

T . . . .1 v . .
= CP violating decays can be recorded and kinematically
A

separated. The latter gives the flux in a straightforward fashion irf

.%. s .
the commonly accepted value for the paramester 1 1is used.

However, we should like tc make the following argument. Measurements
e . 7 .
below ~ 10 BeV/c show that mn is energy independent to a Tew percent

accuracy.

LDRr0ACHeSs
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Now, the regenerabion amplitude interferes with the KI o
4

amplitude so that both the magnitude and the phase of the regsenerstion
}— 8l

amplitude can be measured, A wvery sensitive measurement can be made.

.

The above argument !

5]

.8 well known to those familiar with kaon physics.,

Assuming that a reasonable regeneration amplitude can be found at
high energies, the regeneration process can be used as a ° detection

B

mechanism. Transmission measurements can be mede after the fashion of
the neutron work.

D, Further Experimentation

There are undoubvedly many exciting possibilities for experimenta~-

se will be stimulated

tion that cennot be perceived al present., Some ¢f the

by the early results. However a few

4]

improve this situatlon maritedly. Plon decays in flight can be chokad »7f
more =asily,
v,

Our primecinal present exverimentzl =f%orh iz the ALO.3. or

N =2
Lo sunmit

o
T,
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© technical data. These will include references and background estimates
contained in our A.G.S. proposal. Monte Carlo programs for efficiency,
resolubion momentum transfer, mass and decay distributions exist but
we have not had time to modify them for this proposal.
We trust however, that ihis: proposal sewxves to signal our interest,

the nature of the physics and the technical scale of the program.
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lomb produchtion process only in first order,
is nolt particularly small however, and higher order cor-
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on cchorer
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Particle Phy:
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/ N To U . o oF
p(BeV/c) Q41];Lnr.(liieTf/c) o (ub) Gy (MeV/e) o' (mb)

15 20.5 1.05 18.6 0.11

20 16.1 2.l 1150 0.335

25 13.0 ” 4.0 1.2 0.51 )
50 6.47 9.75 5.6 1.05
100 3.23 15.8 2.8 1.65 N
200 1,41 B 22,2 b 2,25
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Addendum to
NAL Proposal No. 27

PROPOSAL TO STUDY THE COHERENT DISSOCIATION
OF NEUTRONS '

T, Ferbel, B. Gobbi, J. Rosen, S. Shapiro, P. Slattery
and B, Werner, University of Rochester, E. J. Bleser,
National Accelerator Laboratory, S. L. Meyer and D. H.

Miller, Northwestern University

Correspondent: J. Rosen

Department of Physics
University of Rochester
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ABSTRACT

At NAL energies, neutrons can be coherently excitéd
by nuclei with appreciable cross section. By coherent we
mean that the target nucleus recoils as a éingle entity with-
out nuclear excitation. This neutron excitation can occur
either by Y‘absorption in the nuclear Coulomb field (Coulomb
dissociation) or by Pomeranchukon exchénge in the nucleus (dif-
fractive dissociation). Both channéls can result in the
formation of ﬁ-p V's. We propose to study such V's using a
spectrometer consisting of wire spark chambers, counters and
analyzing magnet.

The two coherent procesées can be identified and
distinguished by their characteristic variation with neutron
energy, momentum transfer, angular correlation, effective
mass and A dependence. The former process -(Coulomb) is
dominated by A®(1236) production while the latter is dominated
by N*(1470) production. Coulomb dissociation is expected to
be an order of magnitude more copious in high Z materials.

The objectives of the experiment are:

1) High statistics, comprehensive study of Coulomb and
diffractive dissociation. Variations in momentum
transfer, angular correlations and invariant mass
(up to ~n3 GeV) will be investigated as a function of
target material and neutron energy (50-200 GeV).

2) Observe Coulomb and diffractive dissociation of the

anti-neutron.



3)

4)

2737

Survey the neutron and anti-neutron flux in the

- neutral beam.

Using transmission targets, measure neutron total

cross sections as a function of energy.
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I. Physics Justification
1) Coulomb Dissociation
The possibility that an elementary particle can be
excited into a different statevas a result of its interaction

with the Coulomb field of a target nucleus was explored

e (2)

initially by Primakof Subsequent calculations have

~elaborated on the rich physics consequences of this idea.

(2)

In particular, Nagashima and Rosen have stressed that the

Coulomb production of the A(l236), a process which can be
calculated to great accuracy, can (l1.) be used to test our
understanding of the Primakoff process and thereby lend
credence to the assumptions undeflying our present knowledge

o

of the = and n®

lifetimes, and (2.) be used to provide an
efficient neutron detection scheme with excellent energy and
directional properties.

The Coulomb production of Ao(l236)_can be calculated

(2)

in a rather straightforward manner. ' The differential cross

section for the reaction:
n o+ oy, A®(1236) > 7p (1)

where Yo refers to the photon from the nuclear Coulomb field

(3)

of a high Z target material, is given by :

3 (t B tmin) (@)

£2

dt 3

2
T |F(t)]
MZ—-m2 hf

where M and m are masses of the A(1236) and the neutron re-
spectively, PY is the known radiative width . of the A, F(t) is

the nuclear form factor, a the fine-structure constant, and
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Z is the nuclear charge. The integrated cross section for
reaction (1) 1is rather substantial at present accelerator
energies and, most importantly, grows significantly with in-
creasing energy (essenfially due to kinematic effects of
tmin)‘ At 206 GeV/c, for example, approximately 0.5% (Y 7mb)
of the total interaction cross sectioh_for neutrons on Pb can
be attributed to reaction (l). From expression (2) it is

apparent that the natural width of the t-distribution in

reaction (1) is typically of the order of tmin‘ For 200 GeV/c

2_..2
I V&
neutron momentum,&;tmin iy H 23 A 2 MeV/c. Thus the Coulomb
peak is very sharp and its measured width will be determined
by our apparatus which is capable of measuring transverse

momenta with a sensitivity of I 10 MeV/c.

2) Diffraction Dissociation
The nuclear diffréction dissociation phenomenon has
been discussed extensively over thé past few years(4); and
~although several good experiments have been performed to study

(5)

this process , many quantitative questions regarding, fcr
exqmple, the amount of resonant contribution present in the
dissociated system, the detailed nature of the energy depend-
ence, and the phase of the diffraction dissociatiop amplitude,
are still unanswered. The precise investigation of inelastic
diffraction production processes, processes which are re-
sponsible for a large fraction of the observed total cross
secfion in hadronic collisions, is clearly an important pre-

requisite to the understanding of strong interactions in

general.
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The differential cross section for neutron dissociation
can be written as follows:

do _ do 2 2
T & tere P 3)

" where %% is the differential cross section for diffraction
N

production (via I = 0 exchange without spin~flip) off a free
nucleon, and Aeff can be regarded as the effective number of
nucleons which take part in the coherent process (Aeff << A
for large nuclei because of the severe damping which hadrons
experience in transversing nuclear matter. We estimuate that

for N*(1470) coherent production, for example, A for

eff
C is ~ 5, while for Pb it is ~ 15.) The form factor of the

nucleus can be parameterized in terms of the r.m.s. radius R:

2

2 %‘t

|F(t) |“ = e (4)
with R R 1.1 Al/3 fermi. Thus, the typical momentum transfer
involved in the coherent diffractive dissociation ef the neu-

2/3)—1/2 GeV/c. For a Pb nucleus this corres-

tron is @(10 + 10A
ponds to a transverse momentum of R50 MeV/c, a momentum whose
measurement is well within the resolution capability of our
apparatus. For lighter nuclei, the typical transverse momenta
in the diffraction dissociation procesé will be somewhat
larger (for C it is 2140 MeV/c) .

At NAL energies, the Coulomb production of A®(1236) in

high-2 materials dominates neutron diffraction dissociation

(e.g.; into the N*(1470) object), while the opposite is the
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case for low-Z elements (see Fig. 1). Both processes are
, copious and both are characterized by an exceedingly steep
t-dependence. 1In the case of the Coulomb process the inherent
width of the forward momentum-transfer peak is determined

essentially by the value of tm.n‘(not sensitive to the nuclear

i
shape - ]F(t)l2 N IF(O)I2 é 1.0), while the momentum transfer
dependence in neutron diffraction dissociation has the width
characteristic of the nuclear target radius. Figure 2 dis-
plays the relative shapes expected for thé t-spectra for neutron
dissociation (Coulomb and diffractive) off a médium—size nucleus,
such as Cu. The width of the peak for the forward prodgction
of AO(1236) has been broadened to account for experimental
resolution.

It appears that the dissociation of a neutron into a
prT~ system, at the high energies available at NAL, will be a
particularly tractable way to probe thé nature of both the
Coulomb dissociation and the nuclear diffraction dissociation
phenomenon. A neutron which converts into a pm~ "V" within a
complex nucleus can readily be identified through the use of
rather standard V-spectrometer detection systems (details
described later). With an expected.transverse momentum re-
solution of § 10 MeV/c, the kinematic separation of the pr™

dissociation events from the background should prove to be a

relatively easy task.
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3) Survey of Neuﬁron and Anti-Neutron Flux in the Neutral Beam.
An examination of Fig. 1 clearly reveals the previously
noted fact that the A®(1236) Coulomb production cross section
in Pb is quité substantial. This suggests the possibility of
using the A°(1236) production meéhanism in Pb as a reasonably
efficient tool for neutron detection. -The neutron and anti-

neutron flux in the small angle neutral beam at NAL can be sur-

veyed using a &% radiation length Pb target (this is only %léo
7

of an interaction mean free path). With a flux of V10’ neutrons/
pulse we expect on the average a useful neutron conversion yield
of>%lOO counts/pulse. This rate is more than adequate for the
neutron flux measurements, and should be sufficieﬁt to provide
good data on the anti-neutron flux - particularly at lower
energies (50 GeV) where the yield might be several percent of

the meutron flux. The excited anti—neutron.dissociates to

+

an anti-proton and a 7' and can be easily distinguished kine-

matically from the neutron dissociation.

4) Neutron Total Cross Section
By placing transmission targets in the beam far up-
stream of our V-spectrometer we plan to obtain better than 1%
measurements of neutron total cross sections on hydrogen and
on complex nuclei in 5 GeV/c momentum bands for the neutrons
in the energy range between 50 GeV/c and 200 GeV/c. The anti-
neutron measurements and a Kg survey will be used to correct

these precision cross sections.
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The Kg component of the neutral beam will be assayed
through the measurement of the leptonic decays Kg +-ﬂiuiv.
This can be achieved during one day of running time (the modi-
ficétion to the: apparatus involves only minor changes).

The program involving the neutron studies described

in the preceding pages is to be carried out in ~60¢ hours of

data taking.

II. Experimental Equipment

The principal items which are required for the exe-
cution of this éxperiment are indicated schematically in Fig. 3.
We will briefly describe these, and several other items of
importance, in the order outlined below:

1. Neutral beam

‘2. Target and Target Counter System

3. Vertex Chamber

4. Gas Cerenkov Counter

5. Wide/Aperture Magnet

6. Trigger Hodoscopes

7. Wire Spark Chambers

8; Dedicated Computer

1. Neutral Beam
A well-collimated, small-angle neutral beam is required.
A flux of lO7 neutrons.in the momentum range of 50 GeV/c to

200 GeV/c, having a beam cross section of about 1-2 (inch)2 at
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1500' from the production target is suitable.

2. Target, Target Counter System

For the study of the coherent nuclear and Coulomb
dissociation reactions, we propose to use 1/4 radiation length
targets. Our minimum program will invplve detailed investiga-
tions using Pb, Cu, AL, and C. These will be sandwiched
between a 1/16" thick veto and a 1/32" thick trigger counter.

The target will be surrounded on all sides, except
for entrance and exit holes on the beam axis, with a wveto
complex which will serve to suppress uninteresting nuclear re-
actions (large particle multiplicity or nucléar fragmentation).
A schematic layout of the veto complex, which will shoftly be

(g)
used in a similar experiment at the AGS,‘G’

is shown in Fig. 4.
This arrangement has been constructed and was tested successfully
at the AGS this past year. (In fact, it was on loan to Dr.
Finocchiaro (SUNY) who used it in a diffractive scattering ex-
periment carried out in a high flux 7 beam.)

For hydrogen and deuterium total cross section measure--
ments we require a transmission target of (10-20)g thickness,
located in the neutron tunnel. A cryogenic target - (4-8)°
x 3" diameter would be adequate. A much éimpler alternative
is the use of a high pressure gas target. At normal storage
cylinder pressure (20001bs.) the target would have to be
v (20-40)' long. It would be formed in several sections.

3. Vertex Chambers |

Following the target complex we will place a set of

high-resolution (<0.5mm), horizontal and vertical, multiwire
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proportional chambers. These will establish the initial
transverse vertex coordinates of the V. They will present less
than 50 mg of interaction material to the high-flux neutron
beam. Approximately 200 wires will be involved. Testing of
efficiency, stability, and reliability of the system is now
underway in the laboratory and in a test beam at the AGS. The
results have thus far been completely satisfactory.

4., Gas Cerenkov Counter

The bulk of the upstream region will be filled with
a 15 meter 1 atmosphere threshold Cerenkov counter. The basic
gas fill will be hydrogen. A 8 = 1 particle will provide 200
photons under these conditions and the Cerenkov angle will
be 1°. The threshold energies will be 57, 30, 8.4 GeV for
protons, kaons, and pions respectively. The total thickness
of the hydrogen gas will be 0.15 g.

The counter will have thin mylar windows and a 45°
stretched aluminized mylar mirror to reflect the light vertically
where a hodoscope of photomultipliers and light gathering re-
flectors will be positioned.

It is proposed that this counter be constructed at
NAL under the supefvision of Drs. Bleser and Rosen. The cost
should be under $10K.

5. Wide Aperture Magnet

A 48D48 magnet will be suitable for the purposes of

the present experimental design. With a gap of 18 inches, and

an integra.ed field of 20 kG.m, this:magnet will provide an
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adequate transverse momentum kick of 0.6 GeV/c. Such a magnet
costs aﬁproximately $100K.

Thi; magnet defines the limiting acceptance aperture,
+9" (V), 24" (H). The corresponding acceptance for the magnet
positioned at 17m from the targét is *13 mrad (V) and +35 mrad(H).

6. Trigger Hodoscope

We will require 2 and only 2 charged particles passing
through the system. This can be achieved through a rather
straightforward triggering arrangement. The hodoscope informa-
tion should also prove to be valuable in the pattern recognition
of the wire spark chamber data.

7. Wire Spark Chambers

We have already constructed one of the multiple plane
systems and are presently testing it (the chambers have useful
areas of 46" x 92").

We wish to point out that we have extensive experience
with this technique. We recently completed an experiment which
recorded five million triggers and employed 12 wire planes.

The chambers were completely fabricated in Rochester. (We are
equipped to wind chambers of arbitrary size.) Data were produced
with the aid of the Rochester-owned Honeywell DDP-516 computer
and ancillary magnetostrictive equipment.

8. Dedicated Computer

The Rochester Group has recently purchased a PDP-15
system (now delivered) which will be available for this ex-

periment. We fequest a link to a large time~sharing central
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computer for selective on-line analysis. If this is not
available, then off-line fast turn-around on a large NAL com-

puter (iPDP-lO) will be required.

IIT. Technical Details

1. Yields and Detection Efficiency

The envisioned neutron dissociation studies on C,
A%, Cu and Pb, as well as the flux and total cross section
measurements, will have substantial event rates. For the
flux measurements, for example, we plan to use a 1.5 gm/cm2 Pb
target. As noted previously, the useful cross section for the
Coulomb process {reaction 1), in the 50 GeV/cvto 200 GeV/c
momentum range, is about 5 mb/Pb nucleus. This gives én event
rate of 2300 ptn~/pulse. The detection efficiency of the pn~ V
is largely determined by the solid angle acceptance of the magnet.
These efficiencies have been evaluated with standard Monte Carlo
techniqﬁes and are shown in Fig. 5. On the whole, the acceptance
is large, and, in particular, for the Coulomb-produced A% (1236)
the efficiency will be 150% for the entire neutron momentum
range. The estimated yield of ilOO ugeful V's per lO7 neutrons
(one pulse) is sufficiently large for the precision measurement
of neutron total cross sections and for a less accurate deter-
mination of anti-neutron cross sections.

2. Background

Although the useful yield of high energy m p pairs

from the Coulomb process is V5 mb, it must be noted that the Pb

interaction cross section is approximately geometric, i.e.,
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n1500 mb, Now the great bulk of this cross section results
in very large multiplicity and nuclear fragmentation events.
In our background estimates we conservatively estimate that
only the outer rim of A500 mb projected area can be regarded as
hydrogen-~like, i.e., free of secondary interactions, reabsorption
and remultiplication. (At A.G.S. energies it is observed that
pp collisions result in single energetic N7 pairs for less
than 1% of the interactions). Thus we expect trigger background
from the nuclea; rim with an effective cross section of a few
mb or less. The incoherent background will cause no trouble .
in the analysis of the dissociation data sinée-the t-spectrum
from these events will be considerably flatter than froﬁ
coherent interactions (see Fig. 2). Direct experimental data
bearing on this point will be available shortly from the A.G.S.
experiment.(s)
3. Resolution

The final kinematical analysis will involve the wire
chamber measurement of 7~ and p momenta. The coherent events
will be signatured by a sharp peak on a plot of events versus
transverse momentum transfer. The sharp peak will be largely
contained inside g(transverse) ~100 MeV/c: Incoherent back-
ground will have an average g(transverse) 300 MeV/c. The ex-
pected angular resolution is {1 mm/20m =5_g x 107 rad, while
the momentum resolution will be ~1%. A 100 BeV/c proton,

for example, will bend by (0.6 BeV/c/100 BeV/c) = 6 mrad.

This gives Sp/p = §6/6 N1%.
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The‘unqertainty in p(transverse) resulting from angle
uncertainty will be p &9 é 5 MeV/c. The actual limit on trans-
verse momentum resolution comesvfrom multiple Coulomb scatter-
ing, principally in the 1/4 radiation length target. There
are two particles produced on the average 1/2 of the way into
the target. Therefore, the uncertainty in the transverse
momentum produced by the target is ~10 MeV/c. Thus we see that -
the transverse resolution is adequate for resolving the sharp
coherent épike.

* . . .
The N © mass resolution is excellent. This can be

inferred from the formula for the mass

it

mé* —(m; + mﬁ) 2(EE_ = 5 . P)

P p * Pr
= p.p,(— + £ + 082)
P2 2
p; P2

where 6 = V opening angle. It is readily shown that
GmN*/mN* &l%, using the previously noted uncertainties on angle
and momentum measurements,

It is interesting to note that this high mass resolution
is achieved with a relatively small /B d&. The opening angle of
the V plays the crucial role. This is in sharp contrast with
missing mass work for example, where the mass measurement de-
pends on the differences in the momenta of incoming and outgoing
particles.

Our analysis of the efficiency, resolution and
separation of the aggregate coherent events should be regarded
as proéeeding along well establisﬁed lines. Precisely the same

considerations have been employed in successful experiments on
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(a) coherent KZ regeneration, and (b) diffractive 0° production
in photon beams. Both types of experiments sﬁudy ﬂ+ﬂ— V's
produced in beams with wide band primary momentum distributions.
Our yiélds per incident particle compare quite favorably with

these experiments.
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References continued

the present proposal, were satisfactorily completed
during the summer of 1970. Using an 8'BeV/c T

beam and a siﬁulated triggering arrangement, in-
cluding the target veto counter complex, we looked

for p ~like triggers originating from 1/4

radiation targets of Pb, Cu, and AL%. Our expectations
conéerning incoherent trigger béckground were con-
firmed. Detailed results will be prévided upon

request.
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Figure Captions

Fig. 1. Z dependence of the dissociation cross sections at
100 GeV/c for the reactions n + Yo A° (1236) >pm-

and n + A > N¥*(1470) + A »> pr~ + A.

Fig. 2. Expected relative shape for the t~spectra for neutron

dissociation (Coulomb and diffractive) off Cu.
Fig. 3. The proposed experimental layout.

Fig. 4. Target arrangement,

Fig. 5. Spectrometer acceptance. The percentage of N*
decays accepted by the V-gpectrometer as a function
of N* mass for initial neutron momenta of 50, 100,

150 and 200 GeV/c.
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ABSTRACT

At NAL energies, neutrons can be coherently excited
by nuclei with appreciable cross section. By coherent we
mean that the target nucieus recoils as a single entity with-
out nuclear excitation. This neutron excitation can occur
either by Yy absorption in the nuclear Cqulomb field (Coulomb
dissociation) or by Pomeranchukon exchange in the nucleus (dif-
fractive dissociation). Both channels can result in the
formation of 7 p V's. We propose to study such V's using a
spectrometer consisting of wire spark chambers, counters and
analyzing magnet.

The two coherent processeé can be identified -and
distinguished by their characteristic variation with neutron
energy, momentum transfer, angular correlation, effective
mass and A dependence. The former process (Coulomb) is
dominated by A®(1236) production while the latter is dominated
by N*(1470) production., Coulomb dissociation is'expected to
be an order of magnitude more copious in high Z materials.

The objectives of'the experiment are:

1) High statistics, comprehensive study of Coulomb and
diffractive dissociation. Variations in momentum
transfer, angular correlations and invariant mass
(up to n3 GeV) will be investigated as a function of
target material and neutron energy (50-200 GeV).

2) Observe Coulomb and diffractive dissociation of the

anti-neutron.



4)

Survey the neutron and anti-neutron flux in the

neutral beam,

Using transmission targets, measure neutron total

cross sections as a function of energy.



LI, Phyéics Justification
1) Coulomb Dissociation
The possibility that an elementary particle can be
excited into a different state as a result of its interaction
with the Coulomb field of a target nucleus was explored

(1) (2)

initially by Primakoff. Subsequent calculations have

elaborated on the rich physics consequences of this idea.

(2) have stressed that the

In particular, Nagashima and Rosen
Coulomb production of the A(1236), a process which can be
calculated to great accuracy, can (1.) be used to test our
understanding of the Primakoff process and thereﬁy lend
credence to the assumptions underlying our present knoWledge
of the 7° and n® lifetimes, and (2.) be used to provide an
efficient neutron detection scheme with excellent energy and

directional properties.

'The Coulomb production of A®(1236) can be calculated

in a rather straightforward manner.(z) The differential cross
section for the reaction:
n + vy, > A%(1236) > 77p (1)

where Yo refers to the photon from the nuclear Coulomb field

of a high Z target material, is given by(3):
t - t_.
do len .2 M 3 2 ( mln)
= = 2o 270 " T_|F(t)]* AT (2)
dt 3 M2 =2 Y £2

where M and m are masses of the A(1236) and the neutron re-
spectively, FY is the known radiative width of the A, F(t) is

the nuclear form factor, o the fine-structure constant, and



Z is the nuclear charge. The integrated cross section for
reaction (1) is rather substantial at present accelerator
energies and, most importantly, grows significantlj with in-
creasing energy (essenéially due to kinematic effects of
tmin)‘ At 200 GeV/c, for example, approximately 0.5% (%7mb)
of the total interaction cross sectioh‘for neutrons on Pb can
be attributed to reaction (l1). From expression (2) it is
apparent that the natural width of the t-~distribution in
reaction (1) is typically of the order of tm' . For 200 GeV/c

in
f——— 2_.2
r\lI\/l -m ny
neutxron momentum,x,tmin N T v

2 MeV/c. Thus the Coulomb
peak is very sharp and its measured width will be determined
by our apparatus which is capable of measuring transverse

momenta with a sensitivity of I 10 MeV/c.

2) Diffraction Dissociation
The nuclear diffréction dissociation phenomenon has
been discussed extensively over the past few years(4); and
.although several good experiments have been performed to study

(5)

this process , many quantitative questions regarding, for
ex;mple, the amount of resonant contribution present in the
dissociated system, the detailed nature of the energy depend-
ence, and the phase of the diffraction dissociatiop amplitude,
are still unanswered. The precise investigation of inelastic
diffraction production processes, processes which are re-
sponsible for a large fraction of the observed total cross
secfion in hadronic collisions, is clearly an important pre-

requisite to the understanding of strong interactions in

general.



The differential cross section for neutron dissociation

can be written as follows:

do _ do 2 2
= aE  Pers IF®)] (3)
where g% is the differential cross section for diffraction
N
production (via I = 0 exchange without spin~flip) off a free

nucleon, and Aeff can be regarded as the effective number of
nucleons which take part in the coherent process (Aeff << A
for large nuclei because of the severe damping which hadrons
experience in transversing nuclear matter. We estimate that

for N*(l470) coherent production,Afér example, A for

eff
C is & 5, while for Pb it is 4 15.) The form factor of the
nucleus can be parameterized in terms of the r.m.s. radius R:

_R2
T t

IF(e)|? = e (4)

. Y]
with R% 1.1 al/3 fermi, Thus, the typical momentum transfer
involved in the coherent diffractive dissociation of the neu-

tron is ¥ (10 + 10A2/3)"1/2

GeV/c. For a Pb nucleus this corres-
ponds to a transverse momentum of %50 MeV/c, a momentum whose
measurement is well within the resolution capability of our
apparatus. For lighter nuclei, the typical transverse momenta
in the diffraction dissociation process will be somewhat |
larger (for C it is 2140 MeV/c) .

At NAL energies, the Coulomb production of A®(1236) in

high~Z materials dominates neutron diffraction dissociation

(e.g., into the N*(1470) object), while the opposite is the



case for'low—z elements (see Fig. 1). Both processes are
copious and both are characterized by an exceedingly steep
t-dependence. In the case of the Coulomb process the inherent
width of the forward moméntum—transfer peak is determined
essentially by the value of toin (not sensitive to the nuclear
shape - IF(t)]2 v IF(o)I2 % 1.0), while the momentum transfer
dependence in neutron diffraction dissociation has the width
characteristic of the nuclear target radius. Figure 2 dis-
plays the relative shapes expected for the t-spectra for neutron
dissociation (Coulomb and diffractive) off a medium-size nucleus,
such as Cu. The width of the peak for the forward prodgction
of A°(1236) has been broadened to aécount for experimental
resolution.

It appears that the dissociation of a neutron into a
pr~ system, at the high energies available at NAL, will be a
particularly tractable way to probe the nature of both the
Coulomb dissociation and the nuclear diffraction dissociation
phenomenon. A neutron which converts into a pr~ "V" within a
complex nucleus can readily be identified through the use of
rathér standard V-spectrometer detection systems (details
.described later). With an expected transverse momentum re-
solution of § 10 MeV/c, the kinematic separation of.the pr-

dissociation events from the background should prove to be a

relatively easy task.



3) Survey of Neutron and Anti-Neutron Flux in the Neutral Beam.
An examination of Fig. 1 clearly reveals the previously
noted fact that the A®(1236) Coulomb production cross section
in Pb is quite substantial. This suggests the possibility of
using the A®(1236) production mechanism in Pb as a reasonably
efficient tool for neutron detection. The neutron and anti-

neutron flux in the small angle neutral beam at NAL can be sur-

veyed using a &%-radiation length Pb target (this is only %1%6
of an interaction mean free path). With a flux of %107 neutrons/

pulse we expect on the average a useful neutron conversion yield
of V100 counts/pulse. This rate is more than'édequate for the
neutron flux measurements, and should be sufficient to érovide
good data on the anti-neutron flux - particularly at lower
energies (50 GeV) where the_yield might be several percent of
the reutron flux. The excited anti-neutron dissociates to

an anti~§roton and a 7t and can be eésily distinguished kine-

matically from the neutron dissociation.

4) Neutron Total Cross Section
By placing transmission targets in the beam far up-
stream of our V-gpectrometer we plan to obtain better than 1%
measurements of neutron tdtal.cross sections on hydrogen and
on complex nuclei in 5 GeV/c momentum bandé for the neutrons

in the energy range between 50 GeV/c and 200 GeV/c. The anti-

O

neutron measurements and a KL

survey will be used to correct

these precision cross sections.



The KE component of the neutral beam will be assayed

through the measurement of the leptonic decays K

L

This can be achieved during one day of running time (the modi-

+ o+
> TTUTV.

fication to the apparatus involves only minor changes).
The program involving the neutron studies described
in the preceding pages is to be carried out in 600 hours of

data taking.

II. Experimental Eguipment

The principal items which are required-for'the exe-
cution of this experiment are indicated schematically in Fig. 3.
We will briefly describe these, and several other items of
importance, in the order outlined below:

1. Neuéral beam

2. Target and Target Counter System

3. Vertex Chamber

4., Gas Cerenkov Counter

5. Wide Aperture Magnet

6. Trigger Hodoscopes

7. Wire Spark Chambers

-8; Dedicated Computer

1. Neutral Beam
A well—collimated, small-angle neutral beam is required.
A flux of 107 neutrons in the momentum range of 50 GeV/c to

. 200 GeV/c, having a beam cross section of about 1-2 (inch)2 at



1500' from the production target is suitable.

2.. Target, Target Counter System

For the study of the éoherent nuclear and Coulomb
dissociation reactions, we propose to use 1/4 radiation length
- targets. Our minimum program will involve detailed investiga-
tions using Pb, Cu, AL, and C. These will be sandwiched
between a 1/16" thick veto and a 1/32" thick trigger counter.

The target will be surrounded on all sides, except
for entraﬁce and exit holes on the beam axis, with a veto
complex which will serve to suppress uninteresting nuclear re-
actions (large particle mulfiplicity or nuclear fragmentation).
A schematic layout of the veto complex, which will shortly be
used in a similar ekperiment at the AGS,(6) is shown in Fig. 4.
This arrangement has been constructed and was tested successfully
at the AGS thig past year. (In fact, it was on loan to Dr.
Finocchiaro (SUNY) who used it in a diffractive scattering ex-
ﬁeriment carried out in a high flux 7 -beam.)

For hydrogen and deuterium total cross section measure-
ments we require a transmission target of (10-20)g thickness,
located in the neutron tunnel. A qryogenic target - (4-8)°
x 3" diameter would be adequate. A much simpler alternative
is the ﬁse of a high pressure gas target. At normal storage
cylinder pressure (20001bs.) the target would have to be
-~ (70-40) "' long. It would be formed in several sections.

3. Vertex Chambers-
Following the target complex we will place a set of

high-resolution (<0.5mm), horizontal and vertical, multiwire
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proportional chambers. These will establish the initial
transverse vertex coordinates of the V. They'will present iess
than 50 mg of interaction material to the high-flux neutron
beam. Approximately 200 wires will be involved. Testing of
efficiency, stability, and reliability of the system is now
underway in the laboratory and in a test beam at the AGS. The
results have thus far been COmpletely'satisfactory.

4. Gas Cerenkov Counter

The bulk of the upstream region will be filled with
a 15 meter 1 atmosphere threshold Cerenkov counter. The basic
gaé fill will be hydrogen. A B = 1 particle will provide 200
photons under these conditions and the Cerenkov angle will
be 1°. The threshold energies will be 57, 30, 8.4 GeV for
protons, kaons, and pions respectively. The total thickness
of the hydrogen gas will be 0.15 g.

The counter will have thin mylar windows and a 45°
stretched aluminized mylar mirror to reflect the light vertically
where a hodoscope of photomultipliers and light gathering re-
flectors will be positioned.

It is proposed that this counter be constructed at
NAL under the supervision of Drs. Bleser and Rosen. The cost
should be under $10K.

5. Wide Aperture Magnet

A 48D48 magnet will be suitable for the purposes of

the present experimental design., With a gap of 18 inches, and

an integrated field of 20 kG.m, this magnet will provide an
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‘adequate transverse momentum kiék of 0.6 GeV/c. Such a magnet
costs apprOXimately $100K.

This magnet defines the limiting acceptance aperture,
+9" (V), %24" (H). The corresponding acceptance for the magnet
positioned at 17m from the target is *13 mrad (V) and #35 mrad(H).

6. Trigger Hodoscope

We will reguire 2 and only 2 charged particles passing
through the system. This can be achieved through a rather
straightforward triggering arrangement. The hodoscope informa--:
tion should also prove to be valuable in the pattern recognition
of the wire spark chamber data.

7. Wire Spark Chambers

We have already constructed one of the multiple plane
systems and are presently testing it (the chambers have useful
areas of 46" x 92").

We wish to point out that we have extensive experience
with this technique. We recently complefed.an experimeht which
recorded five million triggers and employed 12 wire planes .

The chambers were completely fabricated in Rochester. (W are
equipped to wind chambers of arbitrary si;e.) Data were produced
with the aid of the Rochester-owned Honeywell DDP-516 computer
and ancillary magnetostrictive equipment.

8. Dedicated Computer

The Rochester Group has recently purchased a PDP-15
system (now delivered) which will be available for this ex-

periment. We request a link to a large time-sharing central



computer for selective on-line analysis. If this is not
available, then off-line fast turn-around on a large NAL com-

puter (iPDP—lO) will be requiréd.

ITII. Technical Details

1. Yields and Detection Efficiency

The envisioned neutron dissociation studies on C,
A%, Cu and Pb, as well as the flux and total cross section
measurements, will have substantial event rates. For the
flux measurements, for example, we plan'to use a 1.5 gm/cm2 Pb
target. As noted previously, the useful cross section for the
Coulomb process (reaction 1), in the 50 GeV/c to 200 GeV/c
momentum range, is about 5 mb/Pb nucleus. This gives an event
rate of 2300 pﬂ'/pﬁlse. The detection efficiency of the prn~ V
is largely determined by the solid angle acceptance of the magnet.
These efficiencies have been evaluated with standard Monte Carlo
techniques and are shown in Fig. 5. On the whole, the acceptance
is large, and, in particular, for the Coulomb-produced A° (1236)
the efficiency will be ;50% for the entire neutron momentum
range. The estimated yield of 2100 useful V's per 107 neutrons
(one pulse) is sufficiently large for the precision measurement
of neutron total cross sections and for a less accurate deter-
mination of anti-neutron cross sections.

2. Background

Although £he useful yield of high energy T p pairs

from the Coulomb process is ¥5 mb, it must be noted that the Pb

interaction cross section is approximately geometric, i.e.,
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nv1500 mb. Now the great bulk of this cross section results
in very large multiplicity and nuclear fragmentation events.
In our background estimates we conservatively estimate that
only the outer rim of V500 mb projected area can be regarded as
‘hydrogen-like, i.e., free of secondary interactions, reabsorption
and remultiplication. (At A.G.S. energies it is observed that
pp collisions result in single energetic N7 pairs for less
than 1% of the interactions). Thus we expect trigger background
from the nuclea; rim with an effective cross section of a few
mb or less. The incoherent background will cause no trouble
in the analysis of the dissdciation data since the t-spectrum
from these events will be considerably flatter than from
coherent interactions (see Fig. 2). Direct experimental data
bearing on this point will be available shortly from the A.G.S.
experiment.(s)
3. Resolution

The final kinematical analysis will involve the wire
chamber measurement of 7~ and p momenta. The coherent events
will be signatured by a sharp peak on a plot of events versus
transverse momentum transfer. The sharp peak will be largely
contained inside g({transverse) ~100 Mev/c. Incoherent back-
ground will have an average g (transverse) 300 MeV/c. The ex-
pected angular resolution is {1 mm/20m =5_0 X 107> rad, while
the momentum resolution will be ~1%. A 100 BeV/c proton,
for example, will bend by (0.6 BeV/q/lOO BeV/c) = 6 mrad.

This gives dép/p = §0/8 ~1s,
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The unqertainty in p(transverse) resulting from angle
uncertainty will be p &0 t 5 MeV/c. The actual limit on trans-
verse momentum resolution comes from multiple Coulomb scatter-
ing, principally in the 1/4 radiation length target. There
are two particles produced on the average 1/2 of the way into
the target. Therefore, the uncertainty in the transverse
momentum produced by the target is ~10 MeV/c. Thus we see that
the transverse resolution is adequate for resolving the sharp
coherent spike.

* . . '
The N © mass resolution is excellent. This can be

inferred from the formula for the mass

2 2 2, _ > >
LN —(mp +m) = Z(EpEﬂ - Pp o)
mﬁ m?2
= p.p (— + £+ 82)
p p2 p2
™ p

where 6 =‘V opening angle. It is readily shown that
GmN*/mN* &l%, using the previously noted uncertainties on angle
and momentum measurements.

It is interesting to note that this high mass resolution
is achieved with a relatively small /B d&. The opening angle of
the V plays the crucial role. This is in sharp contrast with
missing mass work for example, where the mass measurement de-
pends on the differences in the momenta of incoming and outgoing
particles,

Our analysis of the efficiency, resolution and
separation of the aggregate coherent events:should be regarded
as proceeding along well established lines. Precisely the same

considerations have been employed in successful experiments on
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{a) coherent KZ regeneration, and (b) diffractive po production
in photon beams. Both types of experiments study ﬂ+ﬂ— V's

produced in beams with wide band primary momentum distributions.
Our yields per incideént particle compare guite favorably with

these experiments.
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carry out this experiment using the Lindenbaum-Ozaki

spectrometer. Triggering tests, which have relevance to
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References continued

the present proposal, were satisfactorily completed
during the summer of 1970. Using an 8 BeV/c 7~

beam and a siﬁulated triggering arrangement, in-
cluding the target veto counter complex, we looked

for p -like triggers originating from 1/4

radiation targets of Pb, Cu, and AL. Our expectations
concerning incoherent trigger background were con-
firmed. Detailed results will be provided upon

request.
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Figure Captions

Z dependence of the dissociation cross sections at
100 Gev/c for the reactions n + vy, = A®(1236) -pm™

n+ A > N*¥(1470) + A » prm~ + A.

Expected relative shape for the t-spectra for neutron

dissociation (Coulomb and diffractive) off Cu.
The proposed experimental layout.

Target arrangement,

Spectrometer acceptance. The percentage of N*
decays accepted by the V-spectrometer as a function
of N* mass for initial ﬁeutron momenta of 50, 100,

150 and 200 GeV/c.
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